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مادختسايفةيداشرلإادعاوقلابمازتللاامييقتلةساردلاهذهفدهت:ثحبلافادهأ
ةياعرلاتايفشتسمدحأيفةيحارجلاتايلمعلالبقةيئاقولاةيويحلاتاداضملا
.ةيدوعسلاةيبرعلاةكلمملابةرونملاةنيدملايف)ةثلاثلا(ةمدقتملا

)اضيرم٧٠٧(ىضرملاعيمجتانايبعمجةساردلااذهيفمت:ثحبلاقرط
ةثلاثلاةياعرلاتايفشتسمدحأيفةفلتخمةيحارجتايلمعمهلتيرجأنيذلا
.رهشأةثلاثةدملترمتسايتلا،ةساردلاةرتفللاخكلذو،ةرونملاةنيدملاب

ثانلإانم٪٥١.٢ناك،ةساردلامهتلمشاضيرم٧٠٧نيبنم:جئاتنلا
تاحارجيهاعويشةيحارجلاتايلمعلارثكأتناك.ةنس٥٠نمربكأمهمظعمو
)٪١٩.٥(١٣٨ىقلت.)٪١٥.١(ةيومدلاةيعولأاتاحارجو،)٪٢٨.٣(ماظعلا
مادختساةدمبقلعتياميف.ةيداشرلإادعاوقللاقفوةيويحلاتاداضملاىضرملانم
تاداضملا)٪٣٩٩،٥٦.٤(ىضرملافصننمرثكأىقلت،ةيويحلاتاداضملا
ةعرج)٪٢٥.٣(١٧٩ىقلت،كلذىلإةفاضلإاب.ةعاس٢٤نمرثكلأةيويحلا
٢٤نعلقتةدملةيويحلاتاداضملاىقلتطقف)٪١٨.٢(١٢٩نأنيحيف،ةدحاو
تايلمعلضيرم٢٩٧عضخ،ةيحارجلاحورجلافينصتبقلعتياميف.ةعاس
،ةثولم-ةفيظنةيحارجتايلمعل)٪٤٠(اضيرم٢٨٤و،)٪٤٢(ةفيظنةيحارج
نيبحضاوفلاتخاكانهنأدجو.ةثولمةيحارجتايلمعل)٪١٨(١٢٨و
تاداضملامادختساةدموةيداشرلإادعاوقلاىلعءانبةيويحلاتاداضملامادختسا
.ةيحارجلاةيلمعلاعونو،ينمزلاراطلإاو،ةيويحلا
Corresponding address: Clinical and Hospital Pharmacy

partment, College of Pharmacy, Taibah University, Almadinah

unawwarah, 42354, KSA.

E-mail: yahmadi@taibahu.edu.sa (Y.M. Alahmadi)

r review under responsibility of Taibah University.

Production and hosting by Elsevier

8-3612 � 2020 The Authors.

duction and hosting by Elsevier Ltd on behalf of Taibah Universit

tp://creativecommons.org/licenses/by-nc-nd/4.0/). https://doi.org/10.1
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يفةيئاقولاةيويحلاتاداضملامادختسابةصاخلاتاسايسلابمراصلامازتللاا
صرحلاوتايصوتلاعابتاىلعءابطلأاعيجشتمزليكلذل.ةيحارجلاتايلمعلا
ةيويحلاتاداضملامادختسادنعةيداشرلإادعاوقلاقيبطتيفرارمتسلااىلع
.ةيحارجلاتايلمعلايفةيئاقولا

ةيبرعلاةكلمملا؛ةيداشرلإادعاوقلا؛ةيئاقولاتاداضملا:ةيحاتفملاتاملك
ماظعلاةحارج؛ةحارجلا؛ةيدوعسلا

Abstract

Objective: The study evaluated the adherence to the

guidelines for surgical antimicrobial prophylaxis in a

Saudi tertiary care hospital.

Methods: The medical records of 707 patients from the

surgical units over a selected 3-month periodwere selected.

The data were reviewed and statistically analysed.

Results: Of the 707 respondents, 51.2% were women and

most were older than 50 years. The most common surgical

procedures involved orthopaedics (28.3%), followed by

vascular surgery (15.1%). One hundred and thirty-eight

(19.5%) patients received antibiotics according to the

guidelines for surgical prophylaxis. More than half of the

patients (399/56.4%) received antibiotics formore than 24 h

and 129 (18.2%) received antibiotics for less than 24 h.

Single dose antibiotic therapy was used in 179 (25.3%) pa-

tients. Two hundred and ninety-seven (42%) patients un-

derwent clean surgery, 284 (40%) clean-contaminated and

128 (18%) contaminated surgery. A significant difference

was evident between the antibiotics administered according
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to the recommended guidelines and the duration of anti-

biotic therapy (p¼ 0.001), duration (p¼ 0.001) and the type

of surgical procedure (p ¼ 0.00).

Conclusion: The findings of this study suggest that

healthcare professionals do not strictly adhere to the

guidelines for surgical antibiotic prophylaxis. Physicians

are therefore encouraged to follow the recommendations

appropriately and to regularly implement surgical anti-

microbial prophylaxis for patient safety.

Keywords: Antimicrobial prophylaxis; Guidelines; KSA;

Surgery; Orthopaedics

� 2020 The Authors.

Production and hosting by Elsevier Ltd on behalf of Taibah

University. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
Introduction

Healthcare-associated infections, such as surgical site in-
fections (SSIs), are associated with increased morbidity and

mortality globally.1 Surgical antimicrobial prophylaxis
(SAP) refers to the practice of using antibiotics to stop
infections at the surgical site. SAP is executed by providing

a sufficient amount of the antibiotic to the tissues before
surgery.2,3 The American Society of Health-System Phar-
macists (ASHP) has published therapeutic guidelines
designed to help reduce or control the incidences of

morbidity and mortality associated with SSIs,4e8 with an
emphasis on supporting suitable antibiotic selection and
the timing and duration of SAP.

Previous reports revealed that failure to adhere to a
medication schedule leads to substantial harm in patients
and increases the incidence of antimicrobial resistance in

special populations, such as patients who have had sur-
gery.7e10 SSIs have been linked to extended hospital stay
following surgery and increased medical costs for the

patient and in clinical settings.9,10

According to ASHP clinical practice guidelines regarding
antimicrobial prophylaxis in surgery,9 the best time to
administer preoperative antibiotic is within 60 min of

surgical procedures, with the dose and selection of
antibiotic made on the basis of body type (obese, normal
or underweight) and observance of the recommended

repeat doses during prolonged procedures.11e13 The
guidelines also recommend shortened postoperative use of
antibiotics, with a single dose or continuous use for less

than 24 h.9 Adult and paediatric patients undergo a variety
of surgical procedures that depend on the chronic disease
conditions. These surgical procedures require antimicrobial
prophylaxis to reduce SSI-related morbidity and mortality,

and to decrease the duration and cost of health care. First-
and second-generation cephalosporins are most commonly
recommended for adult patients, while the use of vancomy-

cin is strongly recommended for patients with allergies to
beta (b)-lactam antibiotics,14,15 although penicillin and a b-
lactamase inhibitor used in combination with cefazolin or
vancomycin and gentamicin is preferred for paediatric
patients.16,17 The recommendations for adult and

paediatric patients are the same, except for dosing.9

A study focusing on developing countries reported the very
low use of SAP, with only 51% of surgical residents being

aware of the guidelines.18 Studies have also reported that the
most common cause of non-adherence was lengthy post-
operative prophylaxis.3,18,19 In KSA and some other

countries, there are inconsistencies between ASHP guidelines
for surgical prophylaxis and current clinical practice.20e22

Non-adherence to the SAP guidelines is increasing and has
been examined in multiple studies.1,3,20e22 While there is a

lack of data, the non-compliance among physicians might
be due to a lack of adequate knowledge, absence of resources
or guidelines, disagreements with the recommendations, and a

misconception that prolonging the duration of SAP reduces
the risk of SSI. Clearly, this heath care issue must be
addressed. This study was performed to evaluate the adher-

ence to SAP guidelines in a tertiary care hospital in Almadi-
nah Almunawwarah, located in western KSA.

Material and Methods

Study design and setting

The cohort study was conducted from January to April
2018 in the Department of General Surgery, King Fahad
Hospital, Almadinah Almunawwarah, KSA. All patients,

irrespective of age, who underwent surgery were included.
Patients who did not follow the guidelines, did not respond to
the continuous follow-up, or who changed hospitals during

the study period were excluded from the study. King Fahad
Hospital is a 425-bed facility that provides acute as well as
chronic medical and surgical services, and a variety of out-
patient services. The hospital is the centre for the co-

ordination of the delivery of health care services throughout
the defined geographical areas in Almadinah Almunawwarah.

Data collection

The collected data that included information regarding
patient characteristics (demographics) were retrieved
through a review of the medical charts and data from the

hospital information system. These data included the type of
surgical procedure, number of surgical procedures, preferred
antibiotic regimen, identity and dose of drugs, identity of the
postoperative prophylactic antibiotic, duration of the post-

operative prophylactic antibiotic (less than or greater than
24 h) and the use of a single dose. All collected data were
recorded in Microsoft Excel.

Data analyses

The completed survey form was collected, and the data
were analysed by SPSS Statistics version 25.0 (IBM Corpo-

ration, Armonk, NY) for descriptive analyses. Categorical
data were calculated as frequencies and percentages. Chi-
square test was also used to identify associations between
categorical variables. A P-value < 0.05 was considered to

indicate significant difference.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Results

Half (51.2%) of the patients were female and most were

older than 50 years of age (Table 1). Figure 1 shows the
Table 1: Patient demographics and guidelines for SAP.

Characteristics Number %

Gender

Male 362 48.8

Female 345 51.2

Age, years

1e10 40 5.7

11e20 86 12.2

21e30 137 19.4

31e40 112 15.8

41e50 116 16.4

>50 216 30.6

Antibiotics given as per the recommendation of the guideline
a

Yes 138 19.5

No 565 79.9

Antibiotics given with a time frame

Yes 159 22.5

No 548 77.5

Duration of antibiotics

<24 h 129 18.2

>24 h 399 56.4

Single dose 179 25.3

Time of administration before surgical incision, mina

<30 85 12

30e60 266 37.6

90e120 91 12.9

120e150 70 9.9

150e180 50 7.1

>180 144 20.4

a Missing responses.

Cardiothoracic
1.3%

C

Other surgery
11%

Plastic 
surgery

8.2%

Urology
8.5%

Vascular
15.1%

Figure 1: The surgical pr
different surgical procedures performed during the study
period. Majority of the procedures were orthopaedics

(28.3%), vascular surgery (15.1%), laparoscopic
procedures (13.7%), urology (8.5%) and plastic surgery
(8.2%). One hundred and thirty-eight (19.5%) patients

were administered antibiotics according to the guideline
recommendations and 159 (22.5%) received antibiotics for
the indicated times. More than half of the patients (n ¼ 399,

56.4%) received antibiotics for >24 h and 129 (18.2%) for
<24 h. Single dose therapy was used for 179 (25.3%) pa-
tients. Two hundred and ninety-seven (42%) patients had
clean surgery, 284 (40%) had clean-contaminated surgery

and 128 (18%) had contaminated surgery. Among the sur-
geries performed, SAP was administered <30 min prior to
incision in 85 (12%) surgeries, 30e60 min prior to incision in

266 (37.6%) surgeries, 60e90 min prior to incision in 186
(26.3%) surgeries and >180 min prior to incision in 144
(20.4%) surgeries [Table 1].

The most commonly prescribed antibiotics were cipro-
floxacin alone (n ¼ 20, 2.82%) or, in combination with
metronidazole (n ¼ 2, 0.3%) or ceftriaxone (n ¼ 1, 0.1%),
clindamycin (n ¼ 8, 1.1%), cloxacillin (n ¼ 1, 0.1%), gen-

tamycin (n ¼ 1, 0.1%), metronidazole (n ¼ 5, 0.7%),
piperacillin (16, 2.3%), piperacillin þ moxifloxacin (n ¼ 1,
0.1%) and vancomycinþ gentamycin (n¼ 1, 0.1%). A single

dose was used in 179 (25.3%) cases. Based on the strength of
the antibiotic used, cefuroxime 1500 mg (n ¼ 240, 33.9%)
was the most common, followed by ceftriaxone 1 g (n ¼ 203,

28.7%), cefazolin 1 g (n ¼ 69, 9.7%), cefuroxime 750 mg
(n ¼ 19, 2.7%), clindamycin 900 mg (n ¼ 23, 3.2%), clin-
damycin 600 mg (n ¼ 13, 1.8%), ciprofloxacin 400 mg

(n ¼ 15, 2.1%) and piperacillin 4.5 g (n ¼ 15, 2.1%).
Among the administered antibiotics, cephalosporin was

the most frequently selected for use after a single dose (<or
>24 h; n ¼ 475, 67%), followed by cefuroxime (n ¼ 215,
olorectal
1% Head/neck

7%
Herniorrhaphy

4%

Laparoscopic 
13.7%

Neurosurgery
2%

Orthopedics
28.3%

ocedures performed.



Table 3: Types of surgical procedures performed and antibi-

otics administered as recommended.

Surgical procedure Antibiotics administered

as recommended (%)

P-value

Yes No

Cardiothoracic e 9 (1.6) 0.000

Colorectal e 3 (0.5)

Head/neck 40 (29) 10 (1.8)

Herniorrhaphy 14 (10.1) 17 (3.0)

Laparoscopic 20 (14.5) 77 (13.6)

Neurosurgery 7 (5.1) 6 (1.1)

Orthopaedics 1 (0.7) 199 (35.2)

Other surgery 30 (21.7) 48 (8.5)

Plastic surgery 10 (7.2) 47 (8.3)

Urology 14 (10.1) 44 (7.8)

Vascular 2 (1.4) 105 (18.6)

Table 2: Association between antibiotics administered as rec-

ommended and their duration.

Variables <24 h >24 h Single dose P-value

Antibiotics given as recommended

Yes 22 (15.9%) 60 (43.5%) 56 (40.6%) 0.001

No 107 (18.9%) 336 (59.8%) 122 (21.6%)

Antibiotics administered according to time frame

No Yes Total P-value

Antibiotics given as recommended

Yes 86 52 138 0.000

No 460 105 565
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30.4%), ceftriaxone (n ¼ 169, 23.9%), cephazolin (n ¼ 47,
6.6%), ceftriaxone þ metronidazole (n ¼ 21, 3.0%), cefta-

zidime (n ¼ 10, 1.4%) and cephalosporin in combination
with different antibiotics (n ¼ 13, 1.8%).

Table 2 summarises the significant differences between

antibiotics administered according to the recommendation
for the duration of antibiotic therapy in the guidelines
(P ¼ 0.001). Statistically significant differences were

evident between antibiotics administered according to the
time frame and those administered as recommended
(P ¼ 0.001). Table 3 summarises the significant differences
between the type of surgical procedures performed and the

antibiotics administered as recommended (P ¼ 0.00).

Discussion

We surveyed the adherence to SAP guidelines at King
Fahad Hospital to provide information that will be useful in

formulating recommendations to improve health care prac-
tice. Most participants who underwent surgeries received
antimicrobial prophylaxis pre- and/or post-operatively. The
findings clearly demonstrated that adherence to SAP guide-

lines was not appropriate (19.5%) as only 22.5% of the SAP
were administered according to the time frame stated in the
ASHP guidelines. Furthermore, the practice of SAP observed

in the present study did not conform to the recommended
antimicrobial prophylaxis guidelines issued by ASHP.4e7,9
Other studies20e23 described similar findings. These findings
may be the root cause for the overuse of antimicrobials for

prophylaxis, besides the lack of an evidence-based protocol.
Many studies have established an adherence rate for the

SAP guidelines, with the rate ranging widely from 0 to

70%.24,25 In the present study, overall adherence to the
guidelines was 19.5%. This was very low compared to
previously published studies. Surgeries were classified as

clean-contaminated, contaminated, and dirty. The ASHP
guidelines do not recommend antibiotics for clean proced-
ures.3 Interestingly, in our study, among 707 patients who
underwent surgery, four (0.5%) did not received

antibiotics, as those surgeries were clean procedures,
consistent with the ASHP guidelines. However, 42% of
surgeries were performed as clean surgeries, a finding

similar to that of another study conducted in Addis Ababa,
which reported that 108 (54%) of the surgical wounds were
clean, while 63 (31%) were clean-contaminated.19

The present study revealed discrepancies between the
ASHP guidelines and the current practice at King Fahad
Hospital. Similar discrepancies were found in other studies.20e
23 In the current study, only 18.2% of patients received SAP

for an appropriate duration. This percentage was less than
that reported in Mafraq Hospital, Abu Dhabi (30.5%), Iran
(76.5%), India (89%), the Netherlands (92%) and Jordan

(99.1%).23 The percentage of patients who received SAP
within 1 h before skin incision was 37.6%. These results are
inconsistent with reported rates of 40.3% in Abu Dhabi,

89% in India, 88.1% in Jordan, 76.5% in Iran and 50% in
the Netherlands.23 However, another similar study
performed in the capital of KSA reported that 40% of

physicians followed the correct timing of administration as
prescribed by the ASHP.20 This variation in antibiotic
administration shows highlights the lack of knowledge of
the ASHP guidelines and indicates that health care-

associated infections may increase in health care settings.
The targeted duration of SAP should be initiated within

1 h prior to incision and discontinued within 24 h post-

operatively for most procedures, and within 48 h for car-
diac surgery.9,26 In operations lasting longer than 3 h a
second dosage is recommended.9 A study compared the use

of a single dose and 24-h administration, and described a
similar efficacy for both approaches.27 Prolonged antibiotic
prophylaxis is no more efficacious, may increase antibiotic

resistance and unnecessarily increases hospital costs.28

Similar to other national and international studies,19,29e32

cephalosporins including cefuroxime, ceftriaxone and
cephazolin were the most frequently-used antimicrobial

agents. Cefazolin and cefuroxime were also commonly used in
prior studies.23,33 Another recent study published locally in
KSA also reported similar findings. 20According to the

guideline recommendations, narrow spectrum antimicrobials,
first- or second-generation cephalosporins (such as cefazolin
and cefuroxime) or clindamycin and vancomycin are recom-

mended for patients with b-lactam allergy and for methicillin-
resistant Staphylococcus aureus infection.4e7,9 However, the
ASHP SAP guidelines recommend cephazolin for surgical
prophylaxis.9,33 Thus, the adherence to wide-spectrum anti-

microbials in our study could be attributed to the absence of
first- and second-generation cephalosporins, the low cost of
ceftriaxone, absence of microbiologic data and lack of

evidence-based protocols from the hospital.
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A study34 described the major factors responsible for non-
adherence to SAP guidelines. The authors included pre-

scription for prophylactic antimicrobials by the surgeon,
clean-contaminated surgery, trauma-related surgery and
digestive tract, head, and neck-related surgeries. 34 However,

the lack of adherence among healthcare professionals was
mainly recognised due to the absence of comprehensive
institutional guidelines, easy accessibility to several antibi-

otics that were not included in the guidelines and a lack of
awareness about the SAP guidelines. Another major reason
for non-compliance is the false belief that high-end/multiple
antibiotics and prolonged therapy will be more effective in

preventing SSIs as compared to short duration of narrow
spectrum antibiotics.35 That being said, implementation of
antibiotic stewardship is beneficial in controlling,

prescribing and reducing inappropriate usage of antibiotics
for therapeutic, empirical and prophylactic purposes.36

Limitations

Data were lacking, about the duration of surgery and the
repeated dose of antibiotics although among the total sur-

geries performed, four patients did not receive antibiotics.
These four were clean surgeries, implying that the guideline
recommendation had been followed.

Conclusion

Most surgical procedures performed at King Fahad

Hospital during a recent 3-month period involved SAP.
However, the present findings indicate an inconsistency with
the standard AHSP guidelines. Using the wrong antibiotic,

administering a drug at the incorrect time, antimicrobial
prophylaxis, and prolonged duration of postoperative anti-
microbial prophylaxis were problems identified in the prac-

tice of SAP. These findings indicate the need for evidence-
based guidelines for the practice of SAP in hospitals based
on the antibiotic resistance pattern. Future studies focusing

on adherence to SAP guidelines and improvement in health
care settings are strongly recommended.

Recommendations

We recommend to implementation and adherence to the
antibiotic stewardship programme for healthcare providers,

who can play a significant role in reducing inappropriate
usage of antibiotics in the healthcare setting. In addition,
evaluating patients’ medication profiles, providing specialist

advice on optimal antibiotic therapy, reducing unnecessary
antibiotic usage, writing evidence-based guidelines for anti-
biotic prescription and increasing the adherence to surgical
prophylaxis antibiotic guidelines are all prudent actions.

Adherence to surgical guidelines is crucial in every stage of
health care practice by health care professionals. Therefore, a
national assessment is needed.
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